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INTERNATIONAL COMPARISONS

l In a 1995 international comparative study on math-
ematics and science achievement, U.S. students per-
formed comparatively better in science than in math-
ematics and better at the fourth grade level than at the
eighth grade level. U.S. fourth graders were significantly
outperformed in science only by students in South Korea.
The United States performed least well, when compared
with other nations, in grade eight mathematics.

l When compared with other countries, U.S. mathemat-
ics and science textbooks contain many more topics and
much repetition of material. For example, U.S. general
mathematics textbooks for eighth grade students contain
an average of 36 different topics, compared with 8 topics
in Japanese and 4.5 topics in German texts. In addition,
there is evidence that in the United States, eighth grade
mathematics is pitched at a lower level than in higher
achieving countries. While U.S. students are still working
on “high-end arithmetic,” their peers in other countries are
studying algebra and geometry.

STUDENT PERFORMANCE

l In national assessments of mathematics and science
learning, students are performing as well as—if not bet-
ter than—the students of 25 years ago. Nine-year-olds
and 13-year-olds scored higher on mathematics and sci-
ence tests in 1996 than they did in 1973, while perfor-
mance of 17-year-olds has remained about the same. How-
ever, little of the overall improvement in test scores that
occurred during this period has come about during the
1990s.

l There is little evidence of a difference in the mathemat-
ics and science proficiency of girls compared with boys
on national assessments of educational progress. The slight
difference that has been identified is confined to students
in the 12th grade.

l As of 1996, large differences remain at all grade
levels in the achievement scores of black and His-
panic students as compared with whites and Asians/
Pacific Islanders. Native American students generally
scored closer to the national average than did blacks or
Hispanics.

CURRICULUM AND INSTRUCTION

l There have been large gains in the proportion of stu-
dents taking advanced mathematics and science courses
in high school since the early and mid-1980s—gains that
often include students from underrepresented groups.
In the class of 1994, close to 70 percent of students had
completed geometry, 58 percent completed algebra 2, and
9 percent took calculus. Over 90 percent of seniors com-
pleted biology, over half completed chemistry, and about
one-quarter took physics.

l Internet access in schools has increased substantially
in recent years. As of fall 1996, 65 percent of public
schools reported access to the Internet, a gain of 30 per-
centage points over 1994 figures. Internet access was more
likely in secondary than in elementary schools, in more
affluent than less affluent schools, and in schools with low
to moderate minority enrollments than in schools with high
minority enrollments.

TEACHERS AND TEACHING

l The vast majority of elementary school teachers earn
college degrees in education rather than in specific
disciplinary areas. High school teachers were much
more likely to possess science and mathematics degrees:
41 percent had earned a degree in mathematics, com-
pared with just 7 percent of middle school teachers. In
science, 63 percent of high school science teachers and
17 percent of middle school science teachers possessed
a science degree.

l Many middle school mathematics and science teachers
fall short in meeting recommendations for coursework
preparation made by national associations of teachers.
Only 7 percent of middle school mathematics teachers have
taken courses in all of the recommended areas and about
one-third have completed none of the coursework recom-
mendations. Forty-two percent of middle school science
teachers meet the science recommendations in full.

l All too frequently, teachers are assigned to teach classes
outside their fields. The problem is particularly acute in
mathematics. In the 1990/91 school year, 27 percent of
students in grades 7 through 12 had a mathematics teacher
without at least a minor in mathematics or mathematics
education. Out-of-field teaching is more common at middle
schools than high schools.

Highlights
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Introduction

Chapter Background
Educators in elementary and secondary schools across the

nation are struggling to improve and redesign mathematics
and science education so that all students are well-prepared
for the beginning of a new millennium. Policymakers are con-
fronted with growing determination that a solid foundation
in mathematics, science, and technology is essential not only
to the economic but also to the social well-being of the na-
tion. Indeed, a task for today’s policymakers, parents, and
communities is to ensure that all students are graduated from
high school with a quality education that will enable them to
contribute productively to society. Toward this end, the United
States has set, as a matter of national policy, the goal of its
students being first in the world in mathematics and science
achievement by 2000.

However, national and international indicators of educa-
tional progress suggest that the country is still far from its
goal, despite a growing reform movement aimed at achieving
excellence and equity in education. Unresolved issues con-
cerning the performance of students and teachers, the quality
of instructional materials and teaching, and access to quality
education for all students are matters still very much at the
center of local, state, and national education agendas. Never-
theless, indications of forward movement abound: students
are taking more advanced courses in science and mathemat-
ics, teachers are more aware of the need to change their con-
ceptions of teaching and learning, and student achievement
in mathematics and science has largely returned to or exceeded
the levels set in the 1970s.

The spark for much of the current reforms came from early
work in setting standards performed by professional associa-
tions of mathematics and science educators. In mathematics,
the National Academy of Sciences laid out the broad outlines
of mathematics reform in Everybody Counts: A Report to the
Nation on the Future of Mathematics Education (MSEB
1989). The National Council of Teachers of Mathematics
(NCTM) followed with two reports that made more specific
recommendations—Curriculum and Evaluation Standards for
School Mathematics (NCTM 1989) and Professional Stan-
dards for Teaching Mathematics (NCTM 1991).

During this same period, consensus on new directions for
science education was beginning to develop, though actual
national standards were some years away. By 1993, the Ameri-
can Association for the Advancement of Science had issued
two publications, Science for All Americans (AAAS 1989)
and Benchmarks for Science Literacy (AAAS 1993), and the
National Science Teachers Association produced Scope, Se-
quence and Coordination of Secondary School Science
(NSTA 1992). These reports, as well as others, led to a na-
tional dialog on science standards resulting in the National
Academy of Sciences’ National Science Education Standards
(NRC 1996).

The standards for mathematics and science education share
many core ideas: high expectations for all students; in-depth
study and understanding of core concepts; emphasis on hands-

on tasks that promote active engagement with the subject
matter; and a strong focus on reasoning, problem solving,
and the ability to apply learning within broader contexts.

The standards in both subjects view teachers as the criti-
cal agents that enable students to meet these more demand-
ing levels of performance. However, a large proportion of
current mathematics and science teachers were trained when
conceptions of teaching and learning were very different from
today. Consequently, both sets of standards emphasize the im-
portance of professional development for teachers. Previously
offered as a sporadic set of brief workshops to train teachers
in specific skills, professional development is now portrayed
as a career-long process of continuously updating teachers’
mathematics and science knowledge and teaching skills (Dar-
ling-Hammond 1994a). And although some school systems,
schools, and teachers have begun to adopt practices consis-
tent with the standards, mathematics and science educators
recognize that full implementation of standards-based reform
will take much more time (Jones et al. 1992; Lindquist,
Dossey, and Mullis 1995; and NSF 1996).

Like professional development, equity remains an impor-
tant challenge for educational reformers in mathematics and
science education. At its base, equity means that each and
every student has access to quality education regardless of
background, race, ethnicity, or location. Some of the building
blocks for equity are:

l the necessary materials, funding, and resources for
standards-based learning to thrive in schools;

l fully qualified teachers who are knowledgeable about the
subjects they teach; and

l appropriate instructional strategies, curricula, and tools for
assessing student performance (Darling-Hammond 1992).

One of the critical issues currently facing educators is
how to achieve equity and excellence amid the complexities
born of an increasingly diverse national makeup. Of the 45
million children enrolled in elementary and secondary
schools in 1994,  approximately 15 million are ethnic or
racial minorities and 6 million come from homes where
English is not the primary language spoken (NCES 1996b).

There are still more challenges: how to make effective use
of the information technologies that are now commonplace
in homes and workplaces as tools for reforming education
and improving teaching and learning productivity; how to
ensure consistency in approach and quality among instruc-
tional materials, teaching, assessment of student learning, and
policies formed at district or state levels; and, finally, how to
continue learning how to improve—and what works and
doesn’t work in improving—the quality of education.

Clearly, the role education plays in our personal lives and
in the nation’s well-being has grown over the years. And the
challenges in mathematics and science education—and in all
school subjects, for that matter—are before us as educators,
students, parents, and community members. And although
these challenges may differ from those of years past, it is not
clear that there are necessarily more of them, nor is it certain
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that they are any more daunting than they once were. It may
be that we are more concerned and know more about math-
ematics, science, and technology education in this nation than
we did 20 or 30 years ago. As shown in this chapter, what is
certain is that we have a stronger research base and a deeper,
more far-reaching set of national and international indicators
of performance than ever before. (See “Measuring the Per-
formance of the Education System.”)

Chapter Organization
This chapter is organized into three main parts: first, a

detailed description of student achievement in mathematics
and science is provided; second, curriculum and instruction
are examined; and third, teachers and teaching are addressed.
These latter two parts are presented because they are the com-
ponents of the education process thought to have the greatest
direct influence on student achievement. The chapter con-
cludes with a summary of trends in these three areas and an
interpretation of what this may mean for educational progress.

Under the student achievement section, the performance
of U.S. students in both national and international contexts is
examined in order to address the following questions:

l Have mathematics and science achievement in the United
States improved in the last decade or more?

l Is the achievement of all students, regardless of demo-
graphic group, improving?

l How have the coursetaking patterns of U.S. students
changed in the last decade and with what effects on
achievement?

l How do U.S. students compare with students in other
nations in mathematics and science achievement?

The second major section of this chapter, on curriculum
and instruction, focuses on the following questions:

l How do the mathematics and science curricula experienced
by U.S. students compare with curricula in other countries?

l What are the similarities and differences in the instructional
practices and resources used in U.S. and other classrooms?

The third major section of the chapter examines the back-
ground of U.S. mathematics and science teachers in national
and international contexts. The discussion centers on these
questions:

l Are teachers well-prepared for teaching mathematics
and science?

l What are teachers’ views about teaching mathematics
and science?

l What effect is the standards-based reform movement
having on the profession of teaching?

Many national and international data sources—all based
on national probability samples—have been mined in writ-
ing this chapter. The first section of this chapter can be exam-

ined from a number of perspectives using a variety of data
sources. The discussion here draws on three primary sources:
the National Assessment of Educational Progress (NAEP),
the Third International Mathematics and Science Study
(TIMSS), and the High School Transcript Studies. NAEP is a
reliable indicator of achievement for U.S. students. Since the
early 1970s, NAEP has conducted trend assessments every
two years covering mathematics, science, reading, and more
recently, writing. These assessments draw on nationally rep-
resentative samples of 9- 13-, and 17- year-olds. To date, eight
trend assessments have been conducted in mathematics and
nine in science.

NAEP also conducts subject matter assessments periodi-
cally on a wider range of subjects including history, geogra-
phy, civics, computer competence, art, and music. Subjects
are covered on a rotating basis so that in one assessment, the
focus may be on mathematics and science, and in the next, on
history and social studies. These assessments draw on na-
tionally representative samples of students in grades 4, 8, and
12 rather than the age groups used in the trend studies. Items
in the periodic subject matter assessments are revised from
time to time to incorporate new assessment strategies and
reflect prevailing professional judgments about what students
in a particular grade should be learning. The items used in
trend assessments are fixed, so that performance in basic ar-
eas of skill and knowledge can be traced over time, even as
curriculum emphases change. Results of these two kinds of
NAEP assessments are not directly comparable because of
these sampling and content differences.

The second source of student performance data used in
this chapter, TIMSS, compares the mathematics and science
achievement of elementary and secondary students in the
United States with the achievement of students in other coun-
tries. TIMSS was conducted in 1994-95 by members of the
International Association for the Evaluation of Education. It
is the largest and most ambitious undertaking of its kind. Forty-
five nations took part in TIMSS at the middle school level
(seventh and eighth grades), and 27 at the elementary school
level (third and fourth grades).1 Achievement data and back-
ground information were collected from students in each coun-
try. Teachers and principals supplied information about
instructional resources, practices, staffing, course content, and
views of mathematics and science teaching. Curriculum
guides and textbooks from 46 nations were analyzed to pro-
vide information on the content and skills students in differ-
ent countries are expected to learn in each grade. Mathematics
lessons were videotaped in a sample of eighth grade class-
rooms in the United States, Japan, and Germany to document
differences and similarities in the content presented and the
instructional approaches used.

TIMSS results have been published in several reports.
Results of curriculum studies are presented in three reports:
A Splintered Vision: An Investigation of U.S. Science and
Mathematics Education (Schmidt, McKnight, and Raizen

1At the time this chapter was written, 12th grade TIMSS results had not
been released.
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Few countries have a truly unitary national education system.
Many are aggregations of smaller (e.g., regional) subsystems co-
ordinated by an overall national entity. Most of the 49 countries
that participated in TIMSS, for example, have fewer than five sub-
systems. In the case of some nations—such as the United States—
these subsystems (i.e., states) are more or less autonomous, with
only indirect influence exercised at the national level (Schmidt,
Raizen et al. 1997).

Schmidt, Raizen et al. point out that policymaking is affected
by the degree of complexity within the national education system.
Countries with a unitary system can make policy about curricu-
lum and decisions about system performance measurement with
greater ease than countries with more complex, decentralized sys-
tems (Schmidt, Raizen et al. 1997).

The U.S. educational “system,” then, is more accurately a
multiplicity of systems that can be described from numerous
perspectives. It is useful to keep various dimensions simulta-
neously in mind when thinking about how to measure its perfor-
mance. Decisions about learning practices are made and affected
by networks of practitioners, researchers, policymakers, parents,
and community and business leaders, as well as by students. De-
cisions about what to teach are reflected in curriculum frame-
works and materials, instructional practices, teachers’ professional
development, and student performance assessments. Decisions
about resource use are shared by several levels of government:
federal, state, and local—within which are school districts,
schools, grade levels, and classrooms—across a country of 268
million people.

The states are the primary agents of education as delegated by
the U.S. Constitution. However, a long tradition of local
decisionmaking authority about what and how to teach is distrib-
uted among parent and teacher groups and school boards for each
autonomous school district. No matter how the system is portrayed,
the difficulty in measuring it is based in its complexity—a web
spanning the nation woven within the boundaries of individual
states and communities in the form of people, places, behaviors,
and ideas.

Compared with countries around the world, the U.S. education
system is distinguished by its size, organization, and—above all
else—the diversity of the students it serves. In the 50 states and 11
territories, there are over 14,000 school districts and 87,000 public
schools (NCES 1996b).

While trends in student performance and coursetaking, char-
acteristics of curriculum and instruction, and preparation and quali-
fications of teachers  may describe the condition of various elements
of the system, they do not necessarily encapsulate the performance
of the elements as they interact, work in tandem, or change across
the system. How much and in what direction the system compo-
nents move together (or co-vary), is an indicator of systemwide
change (Chubin 1997).

The demand is increasing for valid and reliable indicators in
accounting for the use of public resources and in sharing knowl-
edge with parents, educators, and policymakers.

Many of these “systemic” features are affective or qualitative,
such as system leadership, partnerships, alignment of policies and
practices, and student and teacher creativity. Such systemic quali-
ties have not yet been adequately operationalized into acceptable
indicators of a system’s performance.

Consistent with this systems notion, the Consortium for Policy
Research in Education has developed a potential model for evalu-
ating systemwide change in the context of a Philadelphia reform
project sponsored by a large collection of public and private funders.
The evaluators have created a scorecard that allows them to make
judgments about the degree of change across various elements of
the Philadelphia reform, thus enabling them to portray the move-
ment of the system as a whole (CPRE 1996).

New approaches to measurement and measurement tools will
be needed to investigate the synergy (or lack thereof) among sys-
tem components. What is needed are indicators of how these vari-
ous elements work together or apart, what factors characterize the
system, and what their effects are on student achievement. Indeed,
NSF has funded several research studies that support these new
measurement directions. One such study, performed by Cohen
and Hill (1997), has examined the interrelationship among teacher
professional development, the use of curriculum materials, and
the assessment of student performance in fourth and eighth grade
mathematics classes in the state of California. What they found
supports  the power of measuring the combined effects of system
components.

Cohen and Hill found that teachers who participated in profes-
sional development based on curriculum materials relevant to re-
form goals were much more likely than other teachers to report
teaching practices aligned with these goals. Moreover, their re-
sults suggest that “when educational improvement is focused
on learning and teaching academic content, and when curricu-
lum for improving teaching overlaps with the curriculum and
assessment of students, teaching practice and student perfor-
mance are likely to improve” (Cohen and Hill 1997). In other
words, Cohen and Hill have begun to measure the synergy
among system elements as they relate to instructional materi-
als—and have found evidence that such synergy results in im-
proved student performance.

In general, the U.S. curriculum is not consistent with those of
other countries that performed well on the TIMSS assessment.
When compared with other countries, U.S. mathematics and sci-
ence curricula are less focused and include far more topics than is
common internationally. The topics—especially in mathematics—
tend to remain in the curriculum for more grade levels than is the
practice in other countries (Schmidt, McKnight, and Raizen 1997).

The Cohen and Hill study, TIMSS, and other studies supported by
NSF are indicative of the research that is needed to address systemic
issues. Indeed, much of the TIMSS data is yet to be analyzed, and the
richness of the study holds forth the promise of more lessons to be
learned. More research on systemwide change in larger and different
settings is needed to advance and refine these findings.

This chapter begins to move in the direction of examining sys-
tems, both national and statewide, of mathematics and science
education at the elementary and secondary level. The various mea-
sures of student performance, however imperfect, provide some
evidence of system outcomes. There are still many more indica-
tors to be developed that will aid local decisionmakers, state and
federal policymakers, educators, parents, and their community part-
ners. Although we do not yet have all of the desirable information,
we have much more than we once did, more in mathematics and
science than in other subject areas, and more at the elementary
and secondary levels than at the postsecondary level and beyond.

Measuring the Performance of the Education System
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Do Policies and Socioeconomic
Factors Play a Role in

Achievement?
Performance differences among states may reflect

any number of factors, including differences in educa-
tional policy and in demographic characteristics. The
1996 Policies and Practices Survey, conducted by the
Council of Chief State School Officers, provides infor-
mation on several useful indicators of instructional qual-
ity: number of mathematics and science credits required
for graduation, status of standards implementation, and
requirements for teacher licensing (CCSSO 1996). An
examination of these variables revealed no systematic
patterns that might account for performance differences
among states.

In the area of social and economic factors, there are
suggestions from some studies that differences in “op-
portunity” may be linked to differences in student back-
ground and other socioeconomic variables. Several
studies have shown that poor and minority students are
more likely to attend schools with severely limited re-
sources and less well-prepared teachers, more likely to
be sorted into low academic tracks that limit their ac-
cess to advanced mathematics and science courses, and
less likely to attend schools that offer these advanced
courses (Oakes, Gamoran, and Page 1992).

Performance in mathematics and science may also
be influenced by other demographic characteristics such
as family background. A study that examined the rela-
tionship between increases in achievement and changes
in family characteristics in the 1980s found that gains
made by white students could be completely accounted
for by improved family circumstances over the years
examined, but only one-third of the gains made by black
students—and virtually none of the gains made by His-
panic students—were explained by these factors
(Grissmer et al. 1994).

1997) and two volumes—one for mathematics and one for
science—that present international comparisons, Many Vi-
sions, Many Aims (Schmidt, McKnight et al. 1997; and
Schmidt, Raizen et al. 1997). International achievement and
survey results are available in four volumes, one for each sub-
ject by grade (Beaton, Mullis et al. 1996; Beaton, Martin et
al. 1996; Martin et al. 1997; and Mullis et al. 1997). Results
from the survey of eighth grade U.S. teachers are presented
in Mathematics and Science in the Eighth Grade (Williams
et al. 1997). Syntheses of U.S. findings from component
TIMSS studies are published in two volumes of Pursuing Ex-
cellence, one for fourth grade (NCES 1997c) and one for
eighth grade (NCES 1996c).

A third major source of information about student perfor-
mance is the 1994 High School Transcript Study, which is
based on the records of over 25,000 seniors who graduated
from high school that year. The transcript study reports infor-
mation such as the mean number of credits earned in each
subject field and the percentage of students earning a given
number of credits in particular subjects (NCES 1997e).

The discussion of curriculum and instruction is based
largely on data from the TIMSS curriculum analyses, video
observational studies, and teacher questionnaires. The tech-
nology portion of this section is drawn from a recent survey
on the status of advanced telecommunications in public el-
ementary and secondary schools (NCES 1997a).

The third section of this chapter, on teachers and teaching,
is based on comparisons of data from the TIMSS teacher ques-
tionnaires with results from the National Survey of Science
and Mathematics Education (NSSME) conducted during the
1993/94 school year (Weiss, Matti, and Smith 1994). NSSME,
which was initiated in 1977 and updated in 1985, is one of
the most comprehensive sources of detailed information on
the preparation and classroom practices of mathematics and
science teachers. The discussion of teacher qualifications is
supplemented by data from questionnaires administered as
part of the 1993/94 Schools and Staffing Survey. (See NCES
1996a.) Information on teachers’ efforts to implement educa-
tional standards in their classrooms is drawn from a school
reform survey conducted in spring 1996 (NCES 1997d).

Student Achievement
Trends in U.S. mathematics and science achievement are

mixed, but somewhat positive on the whole. Students are more
often taking advanced courses in both subjects, and their per-
formance is slightly improved from, or no worse than, the
performance levels set in the 1970s. Larger shares of stu-
dents—including those from underrepresented racial and eth-
nic groups—are meeting basic levels of proficiency in both
subjects than in past years, although wide gaps in achieve-
ment remain between students from these groups as compared
with whites and Asians. (See “Do Policies and Socioeconomic
Factors Play a Role in Achievement?”)

Several studies have attributed differences in mathematics
and science achievement to the types of courses students com-

plete (Jones et al. 1992 and Gamoran 1986). Acting on the
premise that more high-level courses will result in higher
achievement, many states and school districts raised gradua-
tion requirements in mathematics and science (as well as in
other core subjects) following publication of A Nation at Risk
by the National Commission on Excellence in Education
(1983). Two years before its release, only nine states required
two or more years of science and two or more years of math-
ematics. Fifteen years later, 42 states had put these stricter
graduation requirements into place (CCSSO 1996).

Comparisons of U.S. achievement with that of other coun-
tries provide another important perspective on how well stu-
dents and schools are performing. International comparisons
reveal that, although U.S. students are performing relatively
well in science compared with the rest of the world, there
remains much room for improvement in mathematics. The
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performance of students in high-scoring nations demonstrates
what is possible for students to achieve at the elementary,
middle, and high school levels in this or any country. And, in
so doing, student performance overseas provides information
educators and policymakers can use in setting appropriate poli-
cies, expectations, and goals. Unfortunately, there is no reli-
able way to determine if the U.S. standing has improved or
worsened in recent years. Comparisons with earlier assess-
ments cannot be made because of methodological differences
between the studies, differences in the content tested, and
changes in countries participating in these tests. (For further
information on performance assessments in general, see “As-
sessing Student Performance.”

Science Coursework
High school graduates in the 1990s are much more likely

to have completed advanced courses in the sciences such as
biology, chemistry, and physics. In 1994, 93 percent of gradu-
ates had taken biology compared with 77 percent of 1982
graduates. Similarly, more than half now take chemistry com-
pared with less than one-third in 1982, and one in four now
complete physics compared with about one in seven in 1982.
Although they remain a minuscule fraction of the total, the
proportion of students completing advanced placement
courses in these science subjects has also increased.

Female graduates are more likely to have taken biology
and chemistry in high school than male students, but less likely
to have taken physics. This represents a change in the
coursetaking patterns of young women as compared with
young men. In 1982, female graduates were about as likely
as males to have taken chemistry and substantially less likely
than males to have taken physics. (See figure 1-1.)

Students from racial and ethnic groups underrepresented
in science made substantial gains in the proportions taking
advanced science courses. More than 90 percent of blacks,
Hispanics, and Native Americans now complete high school
having taken biology. In chemistry, the proportion of blacks
completing the course doubled (from 22 to 44 percent), rates
for Hispanics nearly tripled (from 16 to 46 percent), and
completions by Native Americans rose by more than half (from
26 to 41 percent) between 1982 and 1994. Similarly, progress
was made in physics coursetaking between 1982 and 1994,
although the proportions of students from black and Hispanic
groups remain less than 20 percent. The proportion of blacks
taking physics almost doubled, and the percentage of His-
panics nearly tripled. No discernible increase in the propor-
tion of Native Americans completing physics was detected
over the 12-year period. All in all and despite the progress,
there remains a substantial gap in the proportions of blacks,
Hispanics, and Native Americans who take chemistry and
physics compared with Asian Americans/Pacific Islanders and
whites. (See figure 1-2.)

Science Proficiency

In the 1970s, science proficiency scores of elementary and
secondary students remained largely flat, but—beginning in
the mid-1980s—students began to show improvement. (See
figure 1-3.) By the mid-1990s, 9-year-olds and 13-year-olds
were scoring slightly higher than their counterparts of 1973,
and the scores of 17-year-olds had rebounded to the higher
1973 levels.

Of all school subjects, science in particular has been a stick-
ing point in comparisons of student performance between
sexes and among racial and ethnic groups. The underrepre-
sentation of women in the science, mathematics, and tech-
nology workplace makes sex-based achievement differences
a continuing concern among educators. However, national
assessments of educational progress reveal that there are no
real differences in science proficiency between 9-year-old girls
and boys. Thirteen- and 17-year-old boys edge out girls in
science performance, but this difference is small and has nar-
rowed for 17-year-olds since the early 1970s. (See appendix
table 1-3.)

Of much more compelling concern at the moment are the
racial and ethnic differences that remain in science achieve-
ment. The performance of black and Hispanic students at all
age groups was far below that of whites in 1996, as has been
the case for decades. And although the difference between
black and white students has declined for 9-year-olds and 13-
year-olds since the 1970s, the disparity for 17-year-olds re-
mains virtually unchanged. There has been no change in the
difference between Hispanic and white achievement at any
age. Average test scores of Native American students based
on a related 1996 science assessment were closer to the

Figure 1-1.
Percentage of high school graduates earning
credits in selected science courses, by sex
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national average than is the case for black and Hispanic stu-
dents. Lower achievement is thought to be one reason why
minority students make different elective course choices or
are screened out of opportunities for more advanced study in
science (Oakes 1990).

It is also useful to examine achievement differences across
states. Science proficiency was reported on a state-by-state
basis for the first time in 1996. (See “The Making of a New
Science Assessment.”) Figure 1-4 shows how eighth grade
students in each participating state compared to the national
average. In general, most of the high-scoring states were in

the Central, Western, and New England regions of the coun-
try, while the majority of the lower performing states were in
the Southeast.2

Across states, racial and ethnic differences in science profi-
ciency were apparent, and these cross-state differences followed
many of the same patterns as overall state-by-state test score dif-
ferences. That is, students of all races and ethnicities tended to
score more highly in states with high overall science performance
than in states with consistently lower performance. However, the
magnitude of the difference in average scores varied to a surpris-
ing degree from one state to another. Average science scores for
Hispanic and black populations, for example, fluctuated enor-
mously across different states.

Black students scored below the national average in science in
all states. Blacks scored highest in Colorado, but this score was
not as high as even the lowest average for whites of any state. The
largest achievement gaps between black and white students were
in Wisconsin, Connecticut, and New York. With the exception of
New York, Hispanic students in states known for their large Latino
populations—California, Texas, Florida, and New York—achieved
the national overall average score for Hispanic science proficiency.

Figure 1-2.  
Percentage of high school graduates earning 
credits in science courses, by race/ethnicity 

See appendix table 1-2.
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Figure 1-3.  
National trends in average NAEP scale scores in 
science at ages 9, 13, and 17 
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NOTE: NAEP is the National Assessment of Educational Progress.

1990

2States were classified as follows (Reese et al. 1997):

l Northeast—Connecticut, Delaware, District of Columbia, Maine,
Maryland, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont, and (Northern) Virginia;

l Southeast—Alabama, Arkansas, Florida, Georgia, Kentucky, Loui-
siana, Mississippi, North Carolina, South Carolina, Tennessee, (South-
ern) Virginia, and West Virginia;

l Central—Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, Ohio, South Dakota, and
Wisconsin; and

l West—Alaska, Arizona, California, Colorado, Hawaii, Idaho,
Montana, Nevada, New Mexico, Oklahoma, Oregon, Texas, Utah,
Washington, and Wyoming.
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In 1996, in order to better measure the effects of cur-
rent approaches to science education, the U.S. Depart-
ment of Education made major changes to subject matter
assessment in science through its National Assessment
of Educational Progress. The new test represents a de-
parture from earlier ones both in the science that is tested
and in the way it is tested. First, factual knowledge is
assessed within meaningful scientific contexts. Second,
level of performance depends not only on knowledge of
facts, but also on the ability of students to integrate this
information into a larger body of knowledge, and the
capacity of students to use the reasoning processes of
science to develop their understanding of the natural
world.

The 1996 assessment used a variety of methods for
measuring student performance:

l multiple-choice questions that assess students’ knowl-
edge of important facts and concepts and that probe
their analytical reasoning skills;

The Making of a New Science Assessment

l written response questions that explore students’
abilities to explain, integrate, apply, reason about, and
communicate scientific information; and

l hands-on tasks that measure students’ abilities to make
observations, perform investigations, evaluate experi-
mental results, and apply problem-solving skills.

The framework from which the assessment was con-
structed was developed through a consensus process that
brought together science teachers, curriculum experts,
other educators, policymakers, members of the business
community, and the general public. The framework divides
science into three major fields: earth, physical, and life
sciences. It also assesses such mental processes important
for scientific thinking as conceptual understanding, prac-
tical reasoning, and investigation by experimentation.

Although the changes introduced in 1996 mark a
meaningful and rich new source of information on stu-
dent performance, comparisons cannot be made with
results of earlier assessments. Consequently, this chap-
ter relies on the NAEP trend assessments in science in
making comparisons of student performance over time.
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Assessment—in the educational context—is the process
of gathering evidence about a student’s knowledge of, ability
to use, and disposition toward some subject matter with the
purpose of making inferences from that evidence for a vari-
ety of ends. A test is a measuring instrument for evaluating
and documenting those outcomes. Simple enough to describe,
assessments are not simple to devise nor have they proven
easy to integrate effectively within the instructional programs
of large education systems. At their conceptual base, assess-
ments are a complex endeavor and the inferences that can be
made from them for individual students, teachers, schools, as
well as whole educational systems need to be considered with
numerous caveats.

There are differences of opinion among educators, re-
searchers, and policymakers about the design and use of stan-
dardized and performance-based assessments.

Traditional standardized tests—usually of the short an-
swer variety that are administered, scored, and interpreted
in a consistent manner wherever and to whomever given—
are the tests that are most often now in place in states and at
the national level. But they do not necessarily measure well
those aspects of learning such as creativity, deep conceptual
understanding, and the ability to apply learning in a number
of contexts deemed important or appropriate by many of
today’s educators. Traditional tests of student performance
(answering a question with a single correct short answer)
are an efficient method to assess large numbers of students
at low cost. However, traditional, norm-referenced, multiple-
choice tests are criticized for not adequately measuring com-
plex cognitive and performance abilities. Moreover, they
have often been used to limit students’ access to further learn-
ing opportunities (Darling-Hammond 1991, Glaser 1990,
and Oakes 1985).

There are a variety of classroom, school and school dis-
trict, state, and national tests used for numerous purposes.
Their assessment functions include the following:

1. To make decisions about the performance of individual
students and comparisons among students.

l To determine the level or degree of attainment in
a specific content area or in a body of content, as a

diagnosis of individual strengths and weaknesses in
a content area, and as a readiness indicator to deter-
mine if an individual has attained the requisite
levels of understanding deemed necessary for con-
tinued study in a given content area (Bresica and
Fortune 1988).

l To make decisions about student promotion from
grade to grade, placement in remedial or advanced
level course tracks and for graduation from one edu-
cational level to the next (Madaus and Tan 1993).

2. To improve instruction and learning outcomes for students
and to inform students, parents, and teachers about stu-
dent, classroom, school, or district progress over time
(Madaus and Tan 1993).

3. To hold educational systems accountable for perfor-
mance, to make statewide decisions about the alloca-
tion of educational resources and interventions, and to
assist policymakers and researchers in making evalua-
tive judgments about the performance of existing edu-
cational programs and practices or the need for new
ones (Madaus and Tan 1993).

The National Assessment of Educational Progress has been
conducted in mathematics and science learning since the late
1960s and early 1970s. NAEP uses a formal, systematic pro-
cedure to obtain a sample of students’ knowledge over time
and to make generalizations about how student populations
are performing. NAEP has attempted to add performance
items to its assessment approach in order to assist in measur-
ing not only students’ knowledge of mathematics and sci-
ence, but also their ability to apply that knowledge and to
articulate various aspects of problem solving.

Numerous alternative assessment experiments are being
implemented and debated in schools and communities across
the nation. Different testing alternatives include performance
tasks, open-ended questions, portfolios, observation, and stu-
dent journal writing and self-assessment.

In recent years there has been a conceptual shift in some
research and policy circles as to what constitutes “good” as-
sessments of achievement. Some current trends in measuring
and analyzing student performance include:

Assessing Student Performance

Notwithstanding the substantial cultural differences and varia-
tions in geographic settling patterns across these states and within
the U.S. Hispanic population, it was most often in Southeastern
states that Hispanic student achievement lagged farthest behind.
The largest differences between averages for Hispanics and
whites were found in Connecticut, New York, and four
Southeastern states. (See appendix table 1-4 for science achieve-
ment scores for Asians/Pacific Islanders and Native Americans.)

U.S. Science Proficiency in an
International Context

In the recent international comparative study on mathemat-
ics and science achievement (TIMSS), U.S. students
performed better in science than in mathematics and better at
the fourth grade than at the eighth grade level. U.S. fourth
graders performed very well on the science assessment—they
answered 66 percent of the science items correctly (compared
with the international average of 59 percent). The only nation
to score significantly higher was South Korea. (See figure
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l greater emphasis on assessing higher order think-
ing skills and processes;

l comparing student performance with established
standards;

l making the assessment process public, participatory,
and dynamic and including students as active
participants in the assessment process;

l ensuring that all students have the opportunity to
achieve their potential;

l aligning assessment with curriculum and instruc-
tion and other policies and practices;

l making inferences and/or judgments based on
multiple sources of evidence; and

l viewing assessment as continual and recursive.

Research findings suggest that achievement tests of any
kind are not a good predictor of success. Many forms of bias
affect performance on tests: the choice of items, responses
deemed appropriate, and the content selected are the product
of culturally and contextually determined judgments (García
and Pearson in press, Gardner 1983, and Sternberg 1985).

The factors that influence test scores (e.g., opportuni-
ties to learn, poverty and social class, test motivation and
testing skills, language ability, and educational experi-
ences outside of the classroom) are well-documented.
These factors sometimes occur jointly—sometimes at
different times—in the test-taking process, making it
impossible to track each systematically. As Oakes et al.
(1990) point out, although individual effects can be iden-
tified for both race and social class, for example, it is the
combination of the two—their multiplicative power—that
needs to be examined and measured. But new forms of
assessment do not themselves remedy these socioeco-
nomic complexities.

Darling-Hammond (1994b) argues that changing test
forms and formats without changing the ways in which as-
sessments are used will not change the outcomes of educa-
tion. The equitable use of performance assessments depends
on both the designs of the tests themselves and how well the

assessment practices are interwoven with the progress of
school reform and the improvement of teaching.

However, an assessment that attempts to perform too
many functions will inevitably do none well. Some func-
tions must be passed over in favor of others, and it is at
this point that the test development process can become
roiled in miscommunication. It is vital to delineate appro-
priate roles—student diagnosis, curriculum planning, pro-
gram evaluation, instructional improvement, accountability,
and certification—for different assessments (Linn and
Herman 1997). And importantly, whatever test is created
must be credible in the eyes of the public.

In analyzing test results, their meaning must not be mis-
understood. For example, the results of a test given at various
grade levels should not be interpreted as if they were an as-
sessment of the progress of the same students over time (i.e.,
longitudinal). The results of annual achievement data reflect
a (cross-sectional) snapshot of progress at that given time.
The tests administered as part of TIMSS provide rich infor-
mation about the performance of U.S. students compared to
those of other countries in mathematics and science, and pro-
vide connections for understanding performance within the
context of curriculum and instruction at specific grade levels.
However, TIMSS data are not longitudinal in nature, mean-
ing that the same students are not being tested in the fourth
grade and then, four years later, in the eighth.

Much more research is needed on the fairness and va-
lidity of new modes of assessment. In addition to these
concerns, investigations into the effects of aligning assess-
ments with rigorous standards for student achievement
would benefit a multitude of local, state, and federal audi-
ences. Nonetheless, it is not only the form of the tests that
is important in determining the impact of an assessment
program on students, teachers, and schools; it is the use to
which the results are put (Messick 1989).

This discussion concentrates heavily on various concerns
regarding the measurement of achievement at the elementary
and secondary levels, where at least some actions have been
taken to assess performance; this is in contrast to the
postsecondary level, where gaps remain.

1-5.) In addition, U.S. fourth graders earned scores higher
than the international average in all four science content
areas: earth science, life science, physical science, and envi-
ronmental issues/nature of science. (See appendix table 1-5.)

U.S. eighth grade students performed less well relative to
other countries in science than fourth graders, scoring just
above the international average. Eighth graders in the United
States answered 58 percent of the science items correctly,
compared with an international average of 56 percent. (See
figure 1-6.) Like U.S. fourth graders, scores of U.S. eighth
grade students exceeded the international average in all sci-

ence content areas: earth science, life science, physics, chem-
istry, and environmental issues/nature of science. (See ap-
pendix table 1-6.)

In the United States, boys scored slightly higher than girls
in science at the fourth grade, but there was no difference
between the sexes at the eighth grade. In other countries that
participated in the study, boys outperformed girls in science
in 40 percent of the countries at the fourth grade and in al-
most half of the countries at the eighth grade. (See appendix
table 1-7.)
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Mathematics Coursework
U.S. students are now much more likely to have taken ad-

vanced mathematics courses in high school than they were in
years past.  In 1994, close to 70 percent of seniors had com-
pleted geometry, 58 percent had completed algebra 2, and 9
percent had completed calculus.3 These figures represent a
more than 20-point gain in the percentage of students taking

Figure 1-5.  
Average percentage correct on grade 4 TIMSS
science assessment, by country: 1994-95  

See appendix table 1-5.
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Figure 1-6.  
Average percentage correct on grade 8 TIMSS 
science assessment, by country: 1994-95

See appendix table 1-6.
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for algebra 1 (a prerequisite for geometry) because many college-bound stu-
dents take algebra in eighth grade.
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figure 1-9.) On the other hand, performance of 17-year-olds
remains at the 1973 level after recovering from a slight dip in
the 1980s.4

Although the achievement of U.S. students in mathematics
has shown slight gains over time, there remains a large propor-
tion of students unable to demonstrate anything more than ba-
sic levels of knowledge (often associated with NAEP’s level 2
performance). (See “The Making of a New Mathematics As-
sessment.”) This is particularly true at grade 12 where just one
in six students performed at or above level 3 (level 4 being the
highest). At grades 4 and 8, respectively, approximately one in

algebra 2 and geometry, and about a 5-point increase in cal-
culus since 1982. High school females are now more likely
than males to have taken geometry and algebra 2, and about
as likely to have completed calculus. (See figure 1-7.)

There remain substantial disparities across racial and eth-
nic groups in advanced mathematics coursetaking. This gap
is apparent in geometry and algebra 2 as well as in the most
advanced courses in the college preparatory sequence. In cal-
culus, about one-quarter of Asian Americans/Pacific Island-
ers completed the course compared with about 10 percent of
whites, 6 percent of Hispanics, and 4 percent each of blacks
and Native Americans.

However, despite the unequal enrollments, progress has
been made in the proportion of students in all racial and eth-
nic groups taking advanced mathematics. Half or more of
white, Hispanic, and Asian American/Pacific Islander students
in the class of 1994 completed algebra 2 and geometry, the so-
called gatekeeper courses for advanced study in mathematics
and science. Large gains were made in groups underrepresented
in mathematics between 1982 and 1994. The proportion of
black students taking geometry increased from 29 to 58 per-
cent between 1982 and 1994. The proportion of Hispanics
went from 26 to 69 percent, and the fraction of Native Ameri-
cans taking geometry rose from 34 to 60 percent over the
period. These groups also experienced 20 to 30 percentage
point gains in algebra 2. (See figure 1-8.)

Mathematics Proficiency
Mathematics performance of U.S. students remained fairly

stable during the 1970s and began to improve in the 1980s.
The most recent assessments indicate small but significant
gains for 9-year-olds and 13-year-olds through 1996. (See

Figure 1-7.  
Percentage of high school graduates earning
credits in selected mathematics courses, by sex

See appendix table 1-8.
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Percentage of high school graduates earning 
credits in mathematics courses, by race/ethnicity 

See appendix table 1-9.
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1-14 l Chapter 1. Elementary and Secondary Education

five and one in four students performed at this level. Despite
the disappointing news, this is an improvement from 1990 when
substantially fewer students demonstrated level 3 performance.

However, considerable progress has been made in the 1990s
in the proportion of students performing at least at level 2.
Between 62 and 69 percent—depending on grade level—of
students in 1996 were able to perform the more basic levels of
mathematics, compared with 52 to 58 percent in 1990. (See
figure 1-10.)

In 1996, there were no substantial differences between the
proportions of male and female students performing at or above

level 2 in mathematics at any grade level. A slightly higher
proportion of males than females demonstrated the more ad-
vanced performance (level 3) in 4th and 12th grades, but not in
8th grade. (See appendix table 1-10.)

As in science, differences in the mathematics achievement
across racial and ethnic groups have followed a consistent pat-
tern over the years: white and Asian American/Pacific Islander
students generally achieve at significantly higher levels than

Figure 1-9.  
National trends in average NAEP scale scores
in mathematics at ages 9, 13, and 17
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See appendix table 1-27.

The Making of a New
Mathematics Assessment

National Assessment for Educational Progress tests
in 1990, 1992, and 1996 differed markedly from earlier
assessments in that they were designed to reflect the
relatively new content and teaching standards published
by the National Council of Teachers of Mathematics
(NCTM 1989 and 1991). These newer assessments in-
cluded questions from the five core content areas de-
fined by the mathematics standards:

l number sense, properties, and operations;

l measurement;

l data analysis, statistics, and probability; and

l algebra and functions.

The 1990, 1992, and 1996 mathematics assessments
also attempt to measure students’ cognitive abilities such
as those emphasized in the standards: reasoning, prob-
lem solving, and communicating with and about math-
ematics.

At the same time that standards-based assessments
were being developed, efforts were made to associate
numerical scores on the test with descriptive labels and
definitions that capture the levels of knowledge and skill
demonstrated by students’ overall responses to test
items. Results from the 1990 assessment placed per-
formance on a continuum that ranged from knowledge
of “simple arithmetic facts” at the low end to knowl-
edge of “multistep problem solving and algebra” at the
high end. Results from the 1992 and 1996 NAEPs were
reported at one of four proficiency levels that ranged
from “below basic” to “advanced.” The value and va-
lidity of these proficiency levels have been matters of
debate since their introduction (U.S. GAO 1993). To
permit comparability with reported results without con-
veying judgments about the capabilities a particular
score represents, this chapter reports performance lev-
els simply designated as levels 1 to 4. These levels cor-
respond numerically to the score ranges used in 1990
and 1992 mathematics assessment reports. (See appen-
dix table 1-10.)

Figure 1-10.  
Percentage of students at or above levels 2 and 
3 on NAEP mathematics assessments, by grade 

See appendix table 1-10.
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do black, Hispanic, and Native American students. Despite some
gains between 1990 and 1996, the proportion of black, His-
panic, and Native American students who performed at level 2
or above lagged far behind that of whites and Asian/Pacific
Islanders. There were about 40 points between the percentage
of white students at level 2 and the percentage of black stu-
dents, about a 30-point lag for Hispanics, and about 20 points
for Native Americans. (See appendix table 1-10.)

Larger proportions of white students in all three grades
were performing at or above levels 2 and 3 at the end of the
six-year period of the assessment than they were in 1990. The
percentage of black fourth graders who performed at level 2
or above increased by 13 points between 1990 and 1996. His-
panic and Native American students showed no statistically
significant improvement at any grade or at any level of profi-
ciency during that period.

Also between 1990 and 1996, there has been a striking
rise in the number of states where 50 percent or more of
eighth grade students scored at or above level 2 mathematics
proficiency.5 In 1996, of the 40 states participating in the
state-by-state analysis, only students in Alabama, Louisiana,
Mississippi, and South Carolina failed to meet this perfor-
mance criterion. In comparison, in 1992, only 23 of 35 states,
and just half of 1990 participating states, could claim 50 per-
cent or more of their students at or above level 2 performance.
(See figure 1-11.) However, there were large differences
among racial and ethnic groups across states in meeting the
50 percent criterion. In 1996, half or more of white eighth
graders in all states achieved level 2 performance; only in
Iowa, Montana, and North Dakota did half or more of
Hispanic eighth grade students meet the basic level of profi-
ciency; in no state did half or more of black students
perform at this level.6

Studies suggest that state economic conditions play some
part in mathematics achievement, although a direct and power-
ful relationship has not been identified. Four states in which
less than half of eighth graders functioned at or above level 2 in
mathematics (Alabama, Louisiana, Mississippi, and South Caro-
lina) were compared with the six states in which three-quarters
or more of students achieved at this level. Comparisons were
based on three key variables: poverty rate, educational expendi-
ture, and the percentage of minority students in each state. Com-
parisons suggest an association between these indicators and
mathematics performance. (See text table 1-1.)

l In low-performing states, the poverty index ranged from
19 to 37 percent, and in high-performing states, from 10
to 14 percent.

l In low-performing states, average per student spending on
education ranged from $3,660 in Mississippi to $4,761 in

South Carolina; in high-performing states, the range was
$4,674 in North Dakota to $6,069 in Maine.7

l All four of the low-performing states included much larger
percentages of minority students (from 40 to 49 percent)
than did high-performing states (from 9 to 17 percent).

U.S. Mathematics Proficiency in an
International Context

As in science, performance in mathematics of U.S. fourth
grade students in the1995 TIMSS study was comparatively bet-
ter than eighth grade performance, averaging 63 percent of items
correctly answered compared with 59 percent internationally.
(See figure 1-12.) But, unlike in science, U.S. mathematics per-
formance at fourth grade was far behind that of Singapore, South
Korea, Japan, and Hong Kong—whose fourth grade students
averaged 73 to 76 percent correct—and a host of other coun-
tries. (See figure 1-13.) U.S. eighth graders answered just over
half of the items on the mathematics assessment correctly. This
was below the international average of 55 percent correct, and
students in the highest performing nations—Singapore, South
Korea, Japan, Hong Kong, and Flemish-speaking Belgium—
averaged 65 percent correct or higher. In most countries—in-
cluding the United States—there were no differences between
the sexes in mathematics performance at the fourth or eighth
grade. (See “Mathematics and Science Achievement of the High-
est Performers” and appendix table 1-14.)

5Because only eighth grade students participated in all three of these as-
sessments, only their performance is considered in these comparisons.

6Because sample sizes for Native American and Asian/Pacific Islander
students were too small in most states to provide reliable estimates of profi-
ciency levels, these comparisons are not made here but can be found in ap-
pendix table 1-11.

  7These figures are not adjusted for differences in cost of living among
states.

Mathematics and Science
Achievement of the Highest

Performers
Achievement can also be evaluated by comparing

the top students in different nations. Often, the com-
parison is based on the proportion of each nation’s stu-
dents scoring in the top 10 percent of the international
distribution. As would be expected on the basis of find-
ings already presented, proportionately more students
from Singapore, South Korea, and Japan came out on
top in both subjects and at both the fourth and eighth
grade levels. For example, at the eighth grade level, 45
percent of the students from Singapore scored in the
top 10 percent of the international mathematics distri-
bution and 31 percent scored at the top of the science
distribution. A smaller percentage of U.S.
students made the top cut. In science, 13 percent of
eighth grade students and 16 percent of fourth grade
students scored in the top 10 percent of their respective
international distributions. In mathematics, only 5 per-
cent of U.S. students in eighth grade and 9 percent of
students in fourth grade reached the top 10 percent in-
ternational benchmark. (See appendix table 1-15.)
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Figure 1-11.
NAEP grade 8 average scale scores in mathematics, by state
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The performance of students varied over mathematics con-
tent areas both within and among countries.8 In fourth grade
mathematics, U.S. students performed at or above the interna-
tional average in all areas except measurement. (See appendix
table 1-12.) U.S. eighth grade students performed best on alge-
bra, fractions, and data representation/analysis, where perfor-
mance was on a par with international averages. They did less
well on proportionality, geometry, and measurement. (See ap-
pendix table 1-13.)

Curriculum and Instruction
When student assessments reveal differences in performance

across nations or states or within population groups of the mag-
nitude that they have displayed in the assessments analyzed here,
there is a compelling policy need to explore the sources of these
disparities. A better understanding of why some groups of stu-
dents perform well in mathematics and science while others do
not can help educators and policymakers in deciding which fac-
ets of the education system require more or less attention.

Many recent analyses have focused on differences in the edu-
cational experiences of students. The Third International Math-
ematics and Science Study provides more comprehensive
information on the educational experiences of students than any
international (and many national) studies conducted to date.
Within this large-scale study, a curriculum analysis provides coun-
try profiles of the mathematics and science that students are ex-

pected to learn at each grade.9 Student and teacher surveys pro-
vide information on the subject matter content and activities that
make up a lesson; and a video study (for the United States, Ger-
many, and Japan) provides observational information on what
actually takes place in a sample of eighth grade mathematics
classrooms.

Mathematics Curricula
In most countries, curricula focus on a limited number of

topics at each grade. Each topic is introduced in the grade
sequence and continues until a point when it is discontinued
in favor of a new topic. In contrast, U.S. curricula follow a
spiral approach: a topic is introduced in its simplest terms in
early grades and continues in more advanced forms into later
grades. Topics thus “spiral” throughout the curriculum—in
theory, providing greater depth, elaboration, and complexity
at each appearance. Three central ideas underlie the U.S. ap-
proach. First, content is more easily mastered when broken
into “bite-sized” pieces. Second, the pieces are best learned
when presented in order of difficulty and complexity. Third,
students must master each piece before moving on to the next.

However, this approach when put into actual practice has
important consequences for learning and instruction that are
not always consistent with the theory. The U.S. curricula in-
clude a great deal of repetition over grades, and despite the
intent to present new aspects of a topic at each appearance,

Text table 1-1.
Selected characteristics of low- and high-performing states
on the mathematics National Assessment of Educational Progress: 1996

Percentage of Percentage of 5- Per pupil Percentage
students at or to 17-year-olds educational of minority

State above level 2 in poverty expenditures ($) students

National total .................................................................. 61 20.1 5,767 31

Low-performing states
Alabama ........................................................................... 45 19.5 4,037 40
Louisiana .......................................................................... 38 36.8 4,519 45
Mississippi ....................................................................... 36 28.2 3,660 51
South Carolina ................................................................. 48 18.7 4,761 49
High-performing states
Iowa ................................................................................. 78 13.5 5,288 9
Maine ............................................................................... 77 9.6 6,069 7
Minnesota ........................................................................ 75 13.7 5,720 14
Montana ........................................................................... 75 12.3 5,598 17
Nebraska .......................................................................... 76 12.5 5,651 15
North Dakota .................................................................... 77 11.6 4,674 9

SOURCES: C. O’Sullivan, C. Reese, and J. Mazzeo, NAEP 1996 Science Report Card for the Nation and the States (Washington, DC: National Center for
Education Statistics, 1997); C. Reese, K. Miller, J. Mazzeo, and J. Dossey, NAEP 1996 Mathematics Report Card for the Nation and the States (Washington,
DC: National Center for Education Statistics, 1997); and National Center for Education Statistics, Digest of Educational Statistics 1996, NCES 96-133,
(Washington, DC: U.S. Government Printing Office, 1996), table 165.
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8Items and topics in the assessment were grade-specific. For example, the
fourth grade test focused on whole numbers with a limited number of ques-
tions on fractions. The eighth grade test focused on rational numbers (frac-
tions and decimals)

 9Details of the curriculum study’s methodology and findings are presented
in Schmidt, McKnight, and Raizen (1997) and in two companion volumes
(Schmidt, McKnight et al. 1997 and Schmidt, Raizen et al. 1997)—one for
science and one for mathematics—written by these and other members of
the TIMSS research team.



1-18 l Chapter 1. Elementary and Secondary Education

much of the information seems to get rehashed from previ-
ous levels. On average, topics remain in the mathematics cur-
riculum as a whole two years longer than is the norm
internationally. And the curriculum includes a large number
of topics since few are dropped as others are added. On aver-
age, the U.S. mathematics curriculum covers more topics than
are covered in 75 percent of countries that participated in the
1995 international study.

Analyses of topics covered at various grade levels in
mathematics textbooks across the world illustrate this
point. At fourth grade, the five most emphasized math-

Figure 1-12.  
Average percentage correct on grade 4 TIMSS
mathematics assessment, by country: 1994-95  

See appendix table 1-12. Science & Engineering Indicators – 1998
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Figure 1-13.  
Average percentage correct on grade 8 TIMSS 
mathematics assessment, by country: 1994-95
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ematics topics accounted for 60 percent of page space in
U.S. textbooks but over 85 percent internationally. In
eighth grade mathematics, the five most emphasized top-
ics in U.S. (nonalgebra) texts accounted for less than 50
percent of total coverage, compared with 75 percent in-
ternationally.10 U.S. eighth grade textbooks for regular,
nonalgebraic mathematics cover approximately 36 differ-
ent topics, compared with an average of 8 topics in Japa-
nese and 4.5 topics in German texts.11 Findings are similar
for the 4th and 12th grades. (See figure 1-14.)

A review of the topics emphasized at each grade level re-
veals that U.S. mathematics texts are also often out of step
with the international norm. For example, at eighth grade—
where U.S. students perform relatively poorly in mathemat-
ics compared with other nations—the international norm is
to focus on algebra and geometry. In the United States, eighth
grade texts place greater emphasis on whole numbers, deci-
mals, and fractions—topics that most other countries have
already completed. Videotaped lessons confirm this finding.
Lessons in German and Japanese classrooms were focused
on algebra and geometry, while, in about 40 percent of the
cases, U.S. lessons focused on arithmetic (NCES 1996c).12

Science Curricula
Overall, the U.S. science curriculum has more in

common with the curricula of other countries than is the
case for U.S. mathematics. Still, U.S. science curricula
reflect some of the patterns observed in mathematics. In
the United States, new topics are introduced at regular
intervals in the first five grades. Much of the content seems
repetitive until about 10th grade, when general science is
replaced by courses devoted to specific areas of science
such as biology, chemistry, or physics.

However, in the elementary and middle grades, U.S. stu-
dents take general science courses that cover more topics than
are covered in most of the participating countries. General
science textbooks in the United States tend toward inclusive-
ness, covering more distinct topics than are covered in texts
in 75 percent of the other countries. The typical U.S. science
textbook covers between 53 and 67 topics, depending on grade
level. In Japan, the range is 8 to 17 topics. In Germany, where
data were available only for eighth grade, the average is nine
topics. (See figure 1-15.)

This tendency toward inclusive coverage means that most
general science textbooks in the United States touch on top-
ics rather than concentrating on them. As an example, the
five most emphasized topics in U.S. fourth grade science texts
accounted for 25 percent of the total textbook space, com-
pared with an international average of 70 to 75 percent. In
eighth grade, the five most emphasized topics in U.S. general
science texts accounted for 50 percent of textbook space, com-
pared with 60 percent internationally.

Figure 1-14.  
Average number of topics in mathematics 
textbooks in Germany, Japan, and 
the United States, by grade: 1994-95

NOTE: Data are from the Third International Mathematics 
and Science Study.  Eighth grade algebra texts not included.  

SOURCE: W.H. Schmidt, C.C. McKnight, and S.A.Raizen, 
A Splintered Vision: An Investigation of U.S. Science and 
Mathematics Education (Boston: Kluwer Academic Publishers, 1997).
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Figure 1-15.  
Average number of topics in general science 
textbooks in Germany, Japan, and 
the United States, by grade: 1994-95
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10The five most emphasized topics in eighth grade algebra texts in the
United States accounted for 100 percent of textbook space.

11Results of the curriculum analysis for German texts are reported only
for eighth grade.

12Key findings from the video summary are presented in NCES (1996c).
Details of the methodology, coding schemes, and findings have been pre-
sented in a recently issued volume prepared by James Stigler and colleagues
at UCLA (Stigler et al. 1997).
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Instructional Practice and Quality
Textbooks and curriculum guides are not the only criti-

cal factors in curriculum and instruction. Equally critical
from the perspective of educational reformers are instruc-
tional considerations such as the amount of time students
spend engaged with subject matter, the kinds of tasks used
to facilitate their  problem-solving and thinking capacities,
and the technological tools available to support active stu-
dent learning.

Differences in student performance outcomes are deter-
mined, at least to some degree, by differences in instructional
practice and instructional quality. Science instruction in the
United States may be roughly comparable to science instruc-
tion in other countries. But, as revealed in the recent interna-
tional comparison, eighth grade mathematics classes in the
United States are pitched at a lower level than in higher achiev-
ing countries. While U.S. eighth graders are still working on
“high-end arithmetic,” their peers in other countries are learn-
ing algebra and geometry.

The international comparison also revealed differences in
goals, activities, and overall lesson quality in the United States,
Germany, and Japan. The goal of mathematics lessons in the
United States and Germany was most often to have students
learn a particular skill, while the goal in Japanese classrooms
was more often to help students develop deep understandings
of mathematics (see NCES 1997c). These differences in goals
translated into differences in other aspects of instruction. For
example, 71 percent of Japanese teachers provide learning
activities that require high-level thinking and reasoning. In
comparison, only 29 percent of German teachers and 24 per-
cent of U.S. teachers engaged students in this kind of learn-
ing (NCES 1997c).

On the basis of a videotaped sample of eighth grade math-
ematics classrooms in the three countries, judges rated most
lessons from U.S. classrooms to be of low quality (87 per-
cent), compared with 40 percent of lessons from German
classrooms and just 13 percent of Japanese lessons. These
judgments were made independently of detailed summaries
that documented the exact sequence of mathematical state-
ments and equations presented and the learning activities used.
Any words that provided clues to the identity of the country
were disguised.

None of the lessons from U.S. mathematics classrooms
were rated high on quality, compared with 30 percent of
lessons from Japanese classrooms and 23 percent from
German classrooms. Moreover, most of the expert judges
viewed lessons in Japanese classrooms as more consis-
tent with U.S. mathematics standards than lessons in U.S.
classrooms. However, 75 percent of the U.S. teachers of
those same lessons judged their own instruction to be in
“some accord” with the standards.

Time on Learning

Aside from the issue of instructional quality, there has been
some empirical evidence to support the common-sense no-
tion that the more time students spend engaged in learning,

the more they will learn. This is the primary reason why time
is considered an important instructional variable. It is con-
sidered so crucial, in fact, that many educators believe sys-
temic change cannot be successful in schools unless ways are
found to provide students with more learning time (National
Education Commission on Time and Learning 1994). Still,
questions remain about just how much influence instructional
time has on achievement.

Through the recent international comparative study, it has
become clear that, at the very least, the relationship is not as
simple as has been assumed. In fact, no consistent relation-
ship was observed between class time and achievement in
either subject at either fourth or eighth grade.13 This finding
suggests that how teachers and students spend their instruc-
tional time is more important than the amount of time avail-
able for mathematics and science instruction during the
school day. For example, eighth grade students in Belgium,
the Czech Republic, and the Slovak Republic—all high-per-
forming nations—reported spending more time than the av-
erage on mathematics. But so too did students in Kuwait,
who were among the lowest scorers. South Korean and Japa-
nese eighth graders reported spending the international av-
erage amount of class time on mathematics but were among
the highest achievers.

U.S. students spend at least as much class time on math-
ematics and science as students in most countries. At eighth
grade, over half of U.S. students spend 31/2 to 5 classroom
hours on mathematics each week compared with an interna-
tional norm of 2 to 31/2 hours (Beaton, Mullis et al. 1996; and
Beaton, Martin et al. 1996).14 Almost half of fourth grade
U.S. students spend five or more hours of instructional time
each week on mathematics and three hours or more on sci-
ence. In most other countries, fourth graders spend about three
to four hours on mathematics and two hours on science (see
Martin et al. 1997 and Mullis et al. 1997).15

Although learning time can be extended through home-
work and study before or after the school day, no consistent
relationship has been found between international achieve-
ment and the amount of time students reported spending on
homework. In some high-achieving countries such as Hun-
gary, Singapore, and Slovenia, students spend considerably
more time than the norm on homework. However, students in
low-achieving countries such as Iran and Kuwait also reported
considerable time on homework. In Denmark, Scotland, and
the Netherlands—which are middle- to high-achieving coun-
tries—one-quarter to one-half of the students reported spend-
ing no time at all on homework on a normal day.16

Students in most countries reported spending an hour of
nonschool time on mathematics on a normal day and a half-

13See table 4.9 in each of the following sources: Beaton, Mullis et al. 1996;
Beaton, Martin et al. 1996; Martin et al. 1997; and Mullis et al. 1997.

14See Beaton, Mullis et al. (1996, table 5.5). Comparable figures are not
available for eighth grade science classes in the United States.

15For mathematics, see Mullis et al. (1997, table 5.4); for science, see
Martin et al. (1997, table 5.5).

16See table 4.9 of Beaton, Mullis et al. (1996); and Beaton, Martin et al.
(1996).
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hour to an hour on science. U.S. students averaged
48 minutes to one hour on mathematics homework and
between 36 and 48 minutes on science, depending on grade
level (Beaton, Mullis et al. 1996; Beaton, Martin et al. 1996;
Martin et al. 1996; and Mullis et al. 1996).17 (See appendix
table 1-17.)

Homework competes with extracurricular activities for
students’ attention, and television often turns out to be the
prime competitor. In most countries, eighth grade students
spend two to three hours a day watching television. (See fig-
ure 1-16) The habit of U.S. students are consistent with these
patterns: eighth graders reported spending 2.6 hours watch-
ing television, compared with 2.3 hours doing their school
homework or studying. Not only was this within the interna-
tional norm, but it was virtually identical to patterns exhib-
ited by Japan and Hong Kong, two of the top-scoring
economies. Students in other high-scoring countries such as
Singapore and Belgium spent somewhat more time studying
than watching television; however, students in the Czech Re-
public spent more time watching television than studying.

The relationship of achievement to time spent viewing tele-
vision is more consistent than the relationship between
achievement and time spent on homework—but it turns out
to be a curvilinear relationship. Students who watched one to
two hours of television were the highest achievers in most
countries. Students who watched more than two hours of tele-
vision or less than one hour had lower mathematics and sci-
ence achievement on average. More significant perhaps was
the finding that eighth grade students who watched televi-

sion for five or more hours each day, and fourth grade stu-
dents who watched TV for four or more hours, were the low-
est achievers in all participating countries. The United States
had a fair number of students who spent this much time watch-
ing television—17 percent of fourth grade students and 13
percent of eighth grade students (Beaton, Mullis et al. 1996;
Beaton, Martin et al. 1996; Martin et al. 1997; and Mullis et
al. 1997).

Use of Instructional Technologies
Educational standards in both mathematics and science

acknowledge the potential benefits of technology and rec-
ommend that students have regular access to computers and
other tools such as calculators. Although there are studies of
individual schools or districts where the use of computers
and access to the Internet have yielded learning gains, there
are no national data that affirm that the presence of technol-
ogy in itself is spurring achievement gains in mathematics
and science nationwide. It is probably often the case that in-
formation technologies, when available, are not being used
effectively in the classroom; nor does it seem from empirical
analysis that educators have yet understood how to integrate
technology into programs of reform on a wide scale.

By 1994, more than half of U.S. middle and high school
students reported access to computers in school for math-
ematics instruction; of that number, about 62 to 70 percent
actually used the computers to solve mathematics problems. This
represents a large increase from 1978 when only 56 percent of
13-year-olds and 46 percent of 17-year-olds used computers for
problem solving during instruction. (See text table 1-2.)

Teacher responses from recent international comparisons paint
a slightly more limited picture of computer use for mathematics

Figure 1-16.  
Average hours spent on homework and in 
watching TV, by eighth graders: 1994-95

See appendix table 1-17.

0

1

2

3

4

5

Average hours daily

Science & Engineering Indicators – 1998

Watching TV Studying or doing 
homework

Hun
ga

ry

Sing
ap

or
e

Cze
ch

 R
ep

ub
lic

Hon
g 

Kon
g

Ja
pan

Unit
ed

 S
ta

te
s

Fle
m

ish
-s

pea
kin

g

Belg
ium

Sou
th

 K
or

ea

Fr
en

ch
-s

pea
kin

g

Belg
ium

Text table 1-2.
Percentage of students reporting school
access to computers for mathematics instruction
and learning

13-year-olds 17-year-olds
 reporting  reporting

Computer access/use Year  yes  yes

Had access to
computer to learn .......... 1978 12 24

1994 48 52*
Studied through
computer instruction ...... 1978 14 12

1994 50* 34*
Used a computer to
solve problems ............... 1978 56 46

1994 70* 62*

* = statistically significant difference between the two years, at a 5
percent combined significance level per set of comparisons

SOURCE: J. Campbell, C. Reese, C. O’Sullivan, and J. Dossey,
NAEP 1994: Trends in Academic Progress (Washington, DC: National
Center for Education Statistics, 1996).
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17Beaton, Mullis et al. (1996, table 4.6). Also see table 4.9 of Beaton,
Mullis et al. (1996); Beaton, Martin et al. (1996); Martin et al. (1997); and
Mullis et al. (1997) for frequency if distribution of homework/study time.
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instruction. When asked about the use of computers in math-
ematics instruction, three-quarters of U.S. teachers at the eighth
grade level reported that students never or hardly ever solve
mathematics problems using a computer. Sixty percent of U.S.
fourth grade teachers reported that students never or hardly ever
use the computers in solving mathematics problems.18 However,
mathematics teachers reported frequent instructional use of cal-
culators. More than half of eighth grade mathematics teachers in
the United States reported that students in their classes use cal-
culators for basic tasks such as checking answers and perform-
ing routine computations. More than half also reported having
their students use calculators to solve complex problems and
more than one-third to explore number concepts (Williams et al.
1997). (See appendix table 1-23.)

Across the world, computers are used quite rarely for math-
ematics and science instruction. Except in Denmark, England
and Wales, and Slovenia, less than one-fifth of eighth grade stu-
dents used computers for problem solving in science. And ex-
cept in the United States, Austria, Denmark, England and Wales,
and Sweden, less than one-third of fourth grade students used
computers at least some of the time according to teachers’ re-
ports. (See appendix table 1-16.)

Limited availability of computers at school can be offset
by access to computers at home, even though home comput-
ers are often used for other than academic purposes. During
the 1994/95 school year, about half of U.S. students had a
computer at home. Students in England and Wales, Iceland,
Ireland, the Netherlands, and Scotland were most likely to
own computers (about 75 percent); students in Colombia, Iran,
Latvia, Romania, and Thailand were least likely (less than 20
percent). (See text table 1-3.)

The vision of tomorrow’s classroom held by many educa-
tional reformers not only includes access to computers by
students and teachers but also widespread access to the
Internet. Although most U.S. schools are quite far from this
vision, Internet access in schools has increased substantially
in the last several years. A recent survey indicated that in fall
1996, 65 percent of public schools reported access to the
Internet—a gain of 30 percentage points over 1994 figures.
Internet access was more likely in secondary than in elemen-
tary schools (three-quarters versus under two-thirds); in more
affluent than less affluent schools (78 percent versus 53 to 58
percent); and in schools with low to moderate minority en-
rollments, as compared with schools with high minority en-
rollments (65 to 72 percent versus 56 percent). (See appendix
table 1-25.) As with computers, access to the Internet does
not always translate into use by students and teachers, nor
does it ensure effective use. Although close to two-thirds of
U.S. schools could connect to the Internet, access was pos-

Text table 1-3.
Percentage of students reporting that they have a computer at home, by country: 1994-95

Country Grade 4 Grade 8 Country Grade 4 Grade 8

Australia ............................................... 63 73 Kuwait .................................................. 66 53
Austria .................................................. 61 59 Latvia .................................................... 21 13
Belgium (Flemish-speaking) ................. – 67 Lithuania ............................................... – 42
Belgium (French-speaking) .................. – 60 Netherlands .......................................... 80 85
Canada ................................................. 52 61 New Zealand ........................................ 53 60
Colombia .............................................. – 11 Norway ................................................. 56 64
Cyprus .................................................. 35 39 Portugal ................................................ 34 39
Czech Republic .................................... 33 36 Romania ............................................... – 19
Denmark ............................................... – 76 Russia .................................................. – 35
England and Wales .............................. 88 89 Scotland ............................................... 89 90
France .................................................. – 50 Singapore ............................................. 44 49
Germany .............................................. – 71 Slovak Republic ................................... – 31
Greece ................................................. 23 29 Slovenia ................................................ 43 47
Hong Kong ........................................... 37 39 South Korea ......................................... 23 39
Hungary ............................................... 37 37 Spain .................................................... – 42
Iceland ................................................. 81 77 Sweden ................................................ – 60
Iran ....................................................... 8 4 Switzerland ........................................... – 66
Ireland .................................................. 79 78 Thailand ................................................ 3 4
Israel .................................................... 70 76 United States ....................................... 56 59

– = did not participate in fourth grade assessment

SOURCES:  A. Beaton, I. Mullis, M. Martin, E. Gonzalez, D. Kelly, and T. Smith, Mathematics Achievement in the Middle School Years: IEA’s Third
International Mathematics and Science Study (TIMSS) (Chestnut Hill, MA: Boston College, 1996); and I. Mullis, M. Martin, A. Beaton, E. Gonzalez, D. Kelly,
and T. Smith, Mathematics Achievement in the Primary School Years: IEA’s Third International Mathematics and Science Study (TIMSS) (Chestnut Hill, MA:
Boston College, 1997).
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18U.S. data on computer use are reported only for mathematics classes.
Fourth grade teachers were not asked about computer use in science. The
response rate for eighth grade science teachers in the United States was too
low for estimates to be reliable.
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sible from only 14 percent of instructional rooms (e.g., class-
rooms, computer labs, library media centers) according to
recent surveys (NCES 1997a). (See figure 1-17.)

Teachers and
the Profession of Teaching

The National Council of Teachers of Mathematics’ stan-
dards and the National Research Council’s science standards
present new visions of what should be taught, as well as when
and how it should be taught. Standards in both subjects call
for teachers to introduce and develop topics that, in the past,
were reserved for later grades and to orchestrate instruction
in ways that are not commonly observed in today’s classrooms.
At present, few teachers possess both the knowledge of teach-
ing and learning and the knowledge of content necessary to
meet these expectations for the effective teaching of math-
ematics and science.

Teacher Preparation and Student
Achievement

Until recently, attempts to link student achievement to
teacher qualifications focused on degrees earned and major
or minor fields of study. These attempts have not been
altogether successful; few, if any, consistent effects were found.
This was a sensible research strategy at the time because
teacher certification requirements were specified in those
terms. But more contemporary findings suggest that additional
coursework in specific areas may not only increase teachers’

knowledge of subject matter, but may also expand the range
of teaching and learning approaches a teacher is likely to use
in the classroom—and expand student achievement.

Recent studies are using more refined ways to measure
teacher qualifications and, as a result, have established that
the number and kind of courses taken by mathematics and
science teachers do influence student performance. Higher
student test scores have been related to teachers who have
had more advanced courses in mathematics and science and
in other educational areas. Taking additional coursework in
unrelated subjects had no—or sometimes even a negative—
effect on student learning (Monk 1994).

In addition, students whose teachers have completed more
course credits in their field (and those with higher grade point
averages) achieve at higher levels than other students. In a
study conducted by Chaney (1995), teachers who had taken
courses in mathematics at above calculus level coupled with
courses in mathematics education were found to have stu-
dents who less frequently scored in the lower achievement
grouping and more often demonstrated advanced levels of
performance. (See appendix table 1-26.) In addition, these
better prepared teachers were more likely to expose their lower
level mathematics students to college preparatory subjects
such as algebra in regular mathematics classes (Chaney 1995).

Still other studies examining the knowledge base and
preparation of teachers have identified important differences
in instruction. Several of these studies showed that when cov-
ering topics on which they were well-prepared, teachers more
often encouraged student questions and discussion; spent less
time on unrelated topics; permitted discussion to move in
new directions on the basis of student interests; and gener-
ally presented the topics in a more coherent, organized fash-
ion. When covering unfamiliar topics, teachers discouraged
active participation by students, kept discussion under tight
rein, relied more on presentations than on student discourse,
and spent more time on tangential issues such as study skills
and cooperative effort (see, e.g., Carlsen 1991, and Smith
and Neale 1991).

Coursework Preparation
An increasing number of states are requiring that teachers

have a college major or a minimum number of credits in the
subjects they plan to teach. Twenty-nine states now require,
at least at the middle and high school levels, that teachers
have a degree in a specific subject area other than education.
Nine of these states also require this of elementary school
teachers (CCSSO 1996). (See appendix table 1-20.)

As of the 1993/94 school year, 1 percent of elementary
school teachers possessed a mathematics degree, 2 percent
had a science degree, and only 5 or 6 percent more had either
majored or minored in mathematics or science education in
college. The vast majority of elementary school teachers earn
college degrees in education rather than in specific disciplines
or disciplinary areas of education. High school teachers were
much more likely to possess mathematics and science de-
grees. Of high school mathematics teachers, 41 percent had

Figure 1-17.  
Percentage of U.S. public schools and 
instructional rooms with Internet access, 
by proportion of minority enrollment
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earned a degree in mathematics compared with just 7 percent
of middle school teachers. In science, 63 percent of high
school, and 17 percent of middle school, science teachers pos-
sessed some form of science degree. (See text table 1-4.)

The professional associations have made specific recom-
mendations for the preparation of mathematics and science
teachers. (See “Are Teachers Knowledgeable About the Stan-
dards?”) The NCTM standards recommend that middle school
mathematics teachers take college courses in abstract alge-
bra, geometry, calculus, probability and statistics, and appli-
cations of mathematics/problem solving. An even more
detailed list of coursework is recommended for high school
mathematics teachers (Weiss, Matti, and Smith 1994).

Many middle school mathematics teachers fall short of
these recommendations. Only 7 percent of middle school
mathematics teachers have taken courses in all of the areas
recommended by the standards, and about one-third have taken
none. High school teachers are generally better prepared.
About one-third have completed courses in at least 9 of 10
recommended areas, and only 2 percent have completed just
one course or none of the recommended coursework. Virtu-
ally all elementary school teachers have completed some
courses in mathematics education or mathematics for elemen-
tary teachers: 42 percent have completed college algebra/trigo-
nometry, or elementary functions, but only 12 percent have
completed calculus (Weiss, Matti, and Smith 1994).

The National Science Teachers Association recommends
that elementary school teachers have one course each in the
biological, physical, and earth sciences as well as coursework
in science education. Just about half of elementary teachers
have satisfied this requirement. Middle school science teach-
ers are encouraged to take at least two courses in each area as
well as teacher training in their field (Weiss, Matti, and Smith
1994). Only 42 percent of middle school science teachers
(grades 5 to 8) and 57 percent of junior high school (grades 7
to 9) science teachers meet the Association’s recommenda-
tions in full. Recommended courses for the prospective high

school teacher are quite detailed in each of the three areas of
science, and there is a considerable range in the number of
teachers meeting those recommendations. Less than half of
earth science teachers, compared with 90 percent of biology
teachers, had taken six or more credits in their respective sub-
ject areas (Weiss, Matti, and Smith 1994).

Teachers’ Views of Teaching and Learning
How teachers go about their work in classrooms depends to

some extent on their views about the nature of their academic
disciplines and about teaching and learning in their fields. Re-
search in the last 10 years supports this claim (Dwyer 1993a
and 1993b). Teachers who see science as a static collection of
facts tend toward instructional approaches that rely on “teacher-
talk” and direction, and on student practice and memorization.
Teachers who see science as a process of empirical discovery
are more comfortable with hands-on learning and open-ended
tasks (Carlsen 1991, and Smith and Neale 1991). Others have
made similar observations about the views and practices of
mathematics teachers (Dossey 1992 and Thompson 1992).

The majority of teachers have fairly practical views of
mathematics and science. Close to 80 percent of teachers in
both subjects see their fields as providing “formal ways of
representing the real world,” and close to 90 percent as
a “structured guide for addressing real situations.” Only 31
percent of mathematics teachers and 18 percent of science
teachers view their subject as an abstract conceptual system.

A number of teachers have views that run counter to the
general directions set by standards. Close to 80 percent of
mathematics teachers believe that some students have a natu-
ral talent for mathematics while others do not, and 35 percent
think that mathematics should be learned as a set of algo-
rithms or rules. In science, teachers sometimes hold similar
views. Almost two-thirds of science teachers believe that some
students have a natural talent for science and others do not.
About three-quarters believe that students should be given
prescriptive and sequential directions for doing experiments;

Text table 1-4.
Percentage of teachers with majors and minors in science/mathematics and
science/mathematics education: 1993

Science teachers Mathematics teachers

Grades Grades Grades Grades Grades Grades
Major/minor 1-4 5-8 9-12 1-4 5-8 9-12

Undergraduate major in science/mathematics ...................... 2 17 63 1 7 41
Undergraduate or graduate major in science/science
  education or mathematics/mathematics education ............ 3 21 72 1 11 63
Undergraduate or graduate major or minor in
  science/science education or mathematics/
  mathematics education ....................................................... 7 32 94 7 18 81

SOURCE: I.R. Weiss, M.C. Matti, and P.S. Smith, Report of the 1993 National Survey of Science and Mathematics Education (Chapel Hill, NC: Horizon
Research, Inc., 1994).
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In a 1995 survey of teachers, 85 percent of eighth grade
mathematics teachers reported being “fairly” or “very” fa-
miliar with the Curriculum and Evaluation Standards for
School Mathematics of the National Council of Teachers of
Mathematics. Approximately 26 percent of eighth grade sci-
ence teachers reported being “very” or “fairly” familiar with
Benchmarks for Science Literacy of the American Associa-
tion for the Advancement of Science. The numbers might
have been higher if teachers had been asked about standards
published by the National Science Teachers Association, an
organization to which many science teachers belong (Will-
iams et al. 1997). However, it should be noted that neither of
these sets of science standards realized the same levels of
visibility and acceptance by the science teaching commu-

nity as was true of the mathematics standards within the
mathematics teaching community.

There are indications that U.S. teachers believe they are
implementing some aspects of standards-based instruction.
A 1996 survey asked teachers to report on the kind of re-
form activities they are implementing in their classrooms.
The seven-item list of activities included assisting students
to reach high standards, using curriculum materials aligned
with standards, and using authentic assessments. (See fig-
ure 1-18.) Except for using authentic assessments and tele-
communications to support instruction, in the majority of
cases, mathematics and science teachers at all three levels
of schooling believed they were implementing each of the
activities included in the survey (NCES 1997d).

Are Teachers Knowledgeable About the Standards?

Figure 1-18.  
Percentage of science and mathematics teachers implementing reform activities in their classes: 1996
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only 32 percent thought focusing on rules might be a bad
idea. (See figure 1-19.)

There is substantial agreement between mathematics and
science teachers on the aptitudes and skills students need to
succeed in learning mathematics and science. Over 80 per-
cent of mathematics and science teachers consider it very im-
portant for students to understand concepts, to understand
how the subjects are used in the real world, and to be able to
support their results and conclusions.

There are some areas of difference in these views. Fewer
mathematics teachers (65 percent) than science teachers (73
percent) consider creative thinking very important. However,
the biggest difference in views centers on the importance of
students remembering formulas and procedures. Over 40 per-
cent of mathematics teachers believe that it is important for
students to memorize formulas, compared with 26 percent of
science teachers. (See figure 1-20.)

Out-of-Field Teaching
Information about the academic preparation of the teaching

force and their views and attitudes toward teaching and learning
do not tell the complete story of teachers’ qualifications. All too
frequently, teachers are assigned to classes outside their fields
(Ingersoll 1996). The problem is particularly acute in mathemat-
ics. In the 1990/91 school year, students were less likely to have
a qualified teacher in mathematics than in any other core sub-
ject. About 27 percent of students in grades 7 to 12 had a math-
ematics teacher without at least a minor in mathematics or
mathematics education compared with 21 percent in English, 17
percent in science, and 13 percent in social studies. Out-of-field
teaching is more common at middle and junior high schools than
in senior high schools. In 1991, 32 percent of students in 7th
grade science classes had teachers without a major or minor in
science or science education, while only 13 percent of 12th grad-
ers did. (See appendix table 1-24.)

There are large differences across states in the proportions of
mathematics and science teachers who have degrees in these
subjects. The percentage of secondary mathematics teachers with
a major in mathematics ranges from under 45 percent in Alaska,
Delaware, and Washington to over 80 percent in Pennsylvania
and the District of Columbia. Similarly, fewer than half of sec-

Figure 1-19.  
Teacher beliefs about the nature and teaching of 
mathematics and science: 1994-95
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Teacher perceptions of student skills required for 
success in mathematics and science: 1994-95
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ondary science teachers in Nevada and Louisiana majored in
science in college compared with 80 or more percent in 10 states
(Blank and Gruebel 1995).

There are also equity issues involved with out-of-field teach-
ing which is more prevalent in high-poverty schools, in low-
achieving classes, and in low-track classes (Chaney 1995;
Gamoran 1986; and Oakes, Gamoran, and Page 1992). For ex-
ample, more than one-quarter of students enrolled in secondary
school science classes in which students were judged to be low
achieving had a teacher without at least a minor in science or
science education, compared with fewer than 1 in 10 students in
high-achieving classes. Thirty-six percent of students in classes
with high minority enrollments had a mathematics teacher with-
out a major or minor in mathematics or mathematics education,
compared with 23 percent of students in low minority classes. In
addition, students who attend school in high-poverty areas are
much more likely to have mathematics and science teachers with-
out at least a minor in these fields than students attending schools
in low-poverty areas. (See figure 1-21.) In effect, students who
need the most support are left with the teachers least qualified to
help them (Darling-Hammond 1994a; Oakes 1990; and Weiss,
Matti, and Smith 1994).

Reform of the Teaching Profession
Many efforts in the last decade to bring about systemic,

standards-based changes in schools have focused on the
professionalization of teaching. The logic underlying this
approach is that upgrading the profession will increase teach-
ers’ commitment and motivation. This will in turn result, it is
believed, in better teaching, with the final outcome being
improved student learning. A variety of proposals have been
offered for improving the status and professional credentialing
of teachers. The most ambitious of these proposals seek
changes in how teachers are prepared, licensed, and supported
throughout their careers (see, for example, Carnegie Forum
on Education and the Economy 1986, and National Commis-
sion on Teaching and America’s Future 1996).

The National Commission on Teaching and America’s
Future, for example, recommends:

l organizing teacher education and professional development
programs around the standards;

l developing extended graduate level teaching programs that
offer year-long internships, similar to those offered in the
medical profession, to provide closely supervised practice
that is tied to coursework; and

l creating stable, high-quality professional development ser-
vices to support teachers.

Efforts are under way to bring about each of these changes.
Some of these initiatives have focused primarily on teacher
preparation. The Holmes Group, which was formed by col-
lege deans of education, proposed that prospective teachers
be required to devote four years of undergraduate study to
academic content in their chosen major, and that professional
preparation in teaching be postponed to a fifth or sixth year

(Holmes Group 1986). Year-long internships, two-year induc-
tion periods, and professional development schools are all
variations on this basic idea aimed at providing prospective
teachers with both better academic preparation and more class-
room experience before licensing.

Other efforts have focused on development of standards to
guide the profession. The National Board for Professional
Teaching Standards has developed standards for accomplished
teaching, created performance-based certification exams to
identify accomplished teachers, and established a professional
board to oversee operation of the system (NBPTS 1991). The
Interstate New Teacher Assessment and Support Consortium
(INTASC), which was formed by a consortium of state educa-
tion agencies, higher education institutions, and national edu-
cational organizations, has focused on the other end of the
continuum: new teachers. INTASC has begun to develop stan-
dards and performance-based assessments useful for judging
competent entry-level teaching and for guiding the professional
development of early career teachers (INTASC 1991).

Both sets of teachers’ standards are compatible with each
other, and both are directly linked to the national standards
for student performance in specific content areas. The stan-
dards for new teachers developed by INTASC have been
adopted or adapted for use by 14 states and are being used in
several additional states as a basis for evaluating their sys-
tems for licensing (INTASC 1994).

Figure 1-21.  
Percentage of public secondary students taught 
by teachers without at least a minor in the field,
by school poverty enrollment: 1993-94
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NOTE: In a low-poverty school, 0 to 5 percent of students are eligible 
for free or reduced-price lunch; in a high-poverty school, 41 to 100 
percent of students are eligible for free or reduced-price lunch.  
The percentages for biology, chemistry, and physics represent 
students taught by teachers without at least a minor in those 
particular fields.

SOURCE: National Center for Education Statistics, The Condition of 
Education 1996, NCES 96-304 (Washington, DC: U.S. Department of 
Education, 1996).   
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Policy efforts also have been initiated to infuse standards-
based conceptions of teacher preparation into higher educa-
tion and teacher training institutions. Many educators view
the process of program accreditation as the most effective
lever for bringing about desired changes. The National Council
for the Accreditation of Teacher Education, which has accred-
ited teacher education programs for many years in coopera-
tion with state agencies, has taken steps in this direction.
Recently, it has incorporated performance standards devel-
oped by the aforementioned INTASC in the program approval
process (Darling-Hammond 1994a).

Conclusion
The central question motivating this chapter is whether

the K-12 education system in the United States is doing a
good job of providing students with a solid foundation in
mathematics and science in order to prepare them for work or
continuing study, or simply to be literate members of society.

The answer depends on the perspective taken. From the
perspective of curriculum, national and cross-national stud-
ies give somewhat different answers. National trend studies
suggest that U.S. schools are doing a better job of addressing
long-standing inequities in the mathematics and science prepa-
ration provided to students in different demographic groups.
Compared with the late 1970s and early 1980s, higher pro-
portions of male and female students now complete the core
college preparatory courses in mathematics and science, and
more black and Hispanic students do so as well. On the other
hand, as recently as 1994, a significantly larger fraction of
white than black and Hispanic students completed advanced
courses in mathematics and science, and more male than fe-
male students completed physics. Therefore, there are still
substantial inequities to be overcome.

International comparisons suggest that U.S. curricula are
lacking in depth and focus. The content of the science cur-
riculum is within the international norms for grades 4, 8, and
12. But relative to science curriculum documents and text-
books in other countries, U.S. schools provide too much rep-
etition, too many topics to be learned, and too little coverage
of core science topics.

These limitations are even more characteristic of the
mathematics curriculum. There are indications as well that
at least the eighth grade mathematics curriculum is pitched
at a lower level than in other countries. U.S. curriculum guides
and textbooks emphasize topics related to whole numbers
and fractions while in most other countries, students are
studying more topics in geometry and algebra. Cross-national
observations of what takes place in eighth grade mathemat-
ics classrooms confirm these findings. Lesson goals and the
activities provided to support those goals reflect quite lim-
ited cognitive expectations. More often than not, the goal is
for students to learn specific skills rather than develop a deep
understanding of mathematics.

From the perspective of achievement, national and cross-
national studies again point to somewhat different conclu-

sions. Following declines in the 1970s, the performance of
U.S. students improved in basic skill areas. Nine- and 13-
year-olds are scoring higher on mathematics and science as-
sessments than they did in 1973, while 17-year-olds’
performance in 1996 was about the same as in 1973. Although
progress has not been substantial in the 1990s, U.S. students
have lost no ground. Achievement also improved from 1990
to 1996 in mathematics assessments geared to national math-
ematics standards. And analyses of the performance of girls
and boys in the 1990s show few meaningful differences.

But students of different demographic backgrounds are not
achieving at the same levels. Asian Americans and Pacific
Islanders and white students outperformed black, Hispanic,
and Native American students—even when comparisons cor-
rect for the disparities in the courses students have taken. Stan-
dards-referenced science assessments introduced in 1996 are
too different from earlier tests to permit comparisons with
earlier years. But the same pattern of ethnic differences was
observed in science as in mathematics.

Findings from the most recent international studies of
achievement are mixed, depending on subject matter and
grade. Better performance was demonstrated by U.S. fourth
grade than eighth grade students when compared with other
countries. They scored above the international average in
mathematics and well above the international average in sci-
ence. Eighth grade students performed above the international
average in science but well below the international average in
mathematics. Because of differences in the ways earlier in-
ternational comparisons were conducted, it is difficult to tell
if U.S. students are performing comparatively better or worse
than they did in previous years. Although the relative stand-
ing of U.S. fourth grade students in science has gone up com-
pared with earlier studies, it cannot be said definitively that
this represents a real change in standing.

Returning to the original question: what do these find-
ings suggest about the progress and quality of U.S. educa-
tion? First, they show that the mathematics and science
education of students is improving somewhat in terms of eq-
uity and excellence—the dual goal of educational reforms.
Second, there is much room for improvement, and we are
still far from reaching our national goal of being first in the
world in mathematics and science. Third, students are not
yet performing at the levels of expectation recommended by
the mathematics and science standards. Fourth, the curricula
could better define and focus on core content in mathemat-
ics and science as recommended by the standards. And fifth,
teachers could better help students develop a genuine under-
standing of mathematics and science by engaging them in
active tasks that challenge their intellectual capabilities. On
the whole, although progress has been made, our schools
and school districts will have to do much more if students
are to be well-prepared for a future that demands that we, as
a nation, have a citizenry solidly grounded in mathematics
and science.
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